Abstract. The usefulness of isozyme banding patterns as genetic markers in kiwifruit [Actinidia deliciosa (A. Chev.) C.F. Liang et A.R. Ferguson] was investigated using starch gel electrophoresis. Fifty-four entries putatively belonging to seven female and two male kiwifruit cultivars were examined for 13 enzyme systems (AAT, ACO, GDH, G6PDH, IDH, MDH, ME, MNR, NDH, 6PGD, PGI, PGM, and SKDH). Four enzyme systems, ACO, MDH, NDH, and SKDH, showed identical banding patterns in all clones surveyed. Of the remaining enzymes, AAT, PGI, and PGM had the best discriminating power. Six enzyme systems (GDH, G6PDH, IDH, ME, MNR, and 6PGD), though showing polymorphic banding patterns, were poorly resolved. All the New Zealand cultivars were uniquely identified by the simultaneous comparison of the AAT, PGI, and PGM zymograms. Some enzyme systems were also polymorphic among plants within the same cultivar, thus proving the heterogeneity of kiwifruit material introduced into Europe in the early 1970s.
rectly labelled; finally, other plants, although showing the traits of a given cultivar, did not fully match the standard cultivar description. The uncertainty in classifying such plants caused us to suspect that seedlings different from standard cultivars have been propagated and exported from New Zealand and/or France.
Identification of different clones of the same cultivar is the first step towards correct classification of kiwifruit germplasm. Moreover, identification of cultivars before the first flowering would be very useful for mass propagation. Such identification would become very important if mixups occur in manipulating plant stocks. Some authors have suggested distinguishing female from male vines by measuring peroxidase (Deng et al., 1982; Fortune, 1984, 1985) and dehydrogenase activities (Deng et al., 1982) , but quantitative analysis often has poor discriminating power. Isozyme polymorphism has been successfully used to distinguish cultivars in various fruit trees (Arulsekar and Parfitt, 1986; Torres, 1983) , but there have been few attempts to identify kiwifruit cultivars by means of enzyme analysis. Procedures for electrophoretic separation of isozymes in Actinidia spp. have been developed by Fortune (1984, 1985) , Li et al. (1986), and Daoyu and Lawes (1987) . Nevertheless, in all cases the band resolution was poor. 
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The present research was carried out to characterize kiwifruit cultivars, particularly the female 'Hayward' and the males 'Matua' and 'Tomuri', which are the most widely grown throughout the world, and to investigate the variability of germplasm introduced from New Zealand and France to Italy in the early 1970s.
Fifty-four kiwifruit entries provisionally ascribed to seven female cultivars (Allison, Bruno, Constricted, Elmwood, Gracie, Hayward, and Monty) and two male cultivars (Matua and Tomuri) were examined for 13 enzyme systems (Table 1) . Plant material came from a germplasm collection maintained at the Univ. of Udine. Reference vines of each cultivar were supplied by A.R. Ferguson (New Zealand),
Apices from swelling buds were removed from single node canes forced to break dormancy in jars of water at room temperature. Other materials, including shoot tips, and young and old leaves from field-grown plants were also tested. Samples of ≈0.02 g of fresh material were crushed in 50 µl of 0.1 M Tris·HCl pH 7.3 extraction buffer to which 5% PVPP, 1% mercaptoethanol, 0.12% EDTA, and 0.1% dithiothreitol had been added (G. Müller-Starck, personal communication). Extracts were absorbed onto Whatman 3MM chromatography paper wicks and used immediately for electrophoretic analysis. All steps in the extraction procedures were performed in an ice bath.
Electrophoresis was carried out on 11% w/v horizontal starch gel at 4C using 30 V/cm for buffer systems A and B, 6 mA/cm for buffer systems F and G, and 12 mA/cm for the remaining buffer systems (Table 2) . After 5 h, gels were cut horizontally to yield 1.5-mm-thick slices. Enzyme staining procedures were taken from Cheliak and Pitel (1984) , with the following modification: in AAT staining, 0.2% EDTA and 0.01% arsenate were added (Harris and Hopkinson, 1976) . Analysis of banding patterns of each enzyme system was carried out on at least three gels run under the same conditions. The most difficult-to-read gels were repeated many more times.
Of the 13 enzyme systems investigated, four did not show variability (Fig. 1) , and so are not useful for cultivar classification. These are ACO, MDH, NDH, and SKDH. Six enzyme systems, G6PDH, GDH, IDH, ME, MNR, and 6-PGD, gave poor band resolution and/or light staining for all the electrophoretic buffer systems tested (Table 2) ; thus, neither photographs nor interpretative drawings are reported. ATT, PGI, and PGM, showed considerable variation among cultivars.
In AAT two zones of activity occur. In the lower zone, up to seven slowly migrating bands can be identified. They are distributed almost regularly between R f 0.09 and 0.41. As bands at both the extremities were always faint and not consistently storable, that zone is not further discussed. The anodal zone ranges from R f 0.57 to 0.82 and shows six bands, three of which are not easy to score (Fig. 2) . The band at R f , 0.57 occurs in all female strains, except the single 'Constricted' vine, it occurs also in New Zealand standard 'Matua', but not in the two entries collected in Italian orchards and classified as 'Matua'. In both 'Tomuri' accessions the band does exist, but it is detectable only in wellstained lanes. The band at R f 0,72 is common to all phenotypes. Because of its broadstaining, it sometimes overlaps the closest bands on both sides. The region between bands at R f 0.57 and 0.72 has a high discriminating power, showing one, two, or no intermediate bands. In one-banded phenotypes (1 and 6) the single band has an intermediate mobility in comparison to the band mobility of the two-banded phenotypes. The fastest band is common to all phenotypes, except 8, where it is uncertain.
Entries within 'Allison', 'Bruno', and 'Gracie' among female cultivars and 'Matua' among the male ones proved to be polymorphic. In three out of four of these cultivars, none of the individuals collected in Italy conforms with the New Zealand standard clone. 'Monty' (female) and 'Tomuri' (male) do not show variability among individuals. Twenty-three 'Hayward' types were monomorphic and matched the New Zealand reference clone. One Hayward clone was not scored.
In PGI, two zones of activity can be distinguished. The fastest migrating one is monomorphic and shows a single band at R f 0.76 from the origin (Fig. 3) . The other is polymorphic and shows 10 phenotypes, The accessions can be distinguished through the presence or absence of the two more cathodal bands (R f 0.15 and 0.20); the polymorphism of the region just above the two cathodal bands; the presence or absence of a band at R f 0.38, and the presence of a different number of bands between R f 0.51 and 0.58.
'Allison' and 'Bruno' proved once again to be very heterogeneous, each one showing four different phenotypes (Fig. 4) . Individuals from 'Elmwood', 'Gracie', 'Hayward', and 'Matua' germplasm also showed different phenotypes within the same cultivar, whereas the female 'Monty' and the male 'Tomuri' showed a single phenotype as for AAT.
In PGM, two zones of activity can be distinguished. The most anodal zone, which stained at R f 0.54, was monomorphic in all individuals. In the second zone, one to four bands of activity were detected (Fig. 5) . Six phenotypes could be distinguished using these cathodal bands.
'Allison', as in AAT and PGI, showed the largest number (four) of phenotypes. Two patterns have been found in 'Bruno', 'Elmwood', 'Gracie', and 'Matua', respectively. Both 'Monty' and 'Tomuri' showed a single banding pattern. 'Hayward' showed a single pattern if only the number of bands is taken into consideration. Nevertheless, it should be easy to distinguish different staining intensities in phenotypes showing the same banding pattern. This is, for example, the case of the 24th 'Hayward' individual, which had a four-banded, uniformly staining pattern at the cathodal region, in contrast to the remaining individuals, in which the third band from the cathode was more heavily stained than the others.
An analysis of the morphological traits of fruits suggested that most of the kiwifruit cultivars present in Europe are composed of different clones (Testolin and Crivello, 1987) . Isozyme analysis confirmed this supposition. As the multilocus isozyme genotypes of most of the apparently misidentified clones do not match those of any of the reference vines, the most likely hypothesis is that some seedlings were propagated together with standard cultivars in the early 1970s, when the demand for kiwifruit plants was high in Europe and in New Zealand. For a minority of clones, on the contrary, mislabeling could have occurred. Since 'Hayward' is the almost exclusively grown female cultivar and since it is nearly uniform, selection is urgently needed only among the 'Matua' types.
The New Zealand standard cultivars are easily separated through the analysis of AAT, PGI, and PGM zymograms (Table 3) . The strong differences in staining intensity of the same band, which may give an additional tool for distinguishing among phenotypes, could be caused by variation in allele dosage as a consequence of the high ploidy level of kiwifruit. Nevertheless, other causes, such as variation in gene expression, post transcriptional or post translational effects, cannot be excluded.
Shoot tips collected at bud swell were the most suitable material. Young and fully expanded leaves showed, for most enzyme systems, lower activity and/or poor band resolution. All attempts to separate and stain some enzyme systems, such as AAT, in kiwifruit leaf extracts failed, although most of the usual and sometimes unusual laboratory techniques for extraction and gel running were tested. We do not know the reason for this failure. Enzymes possibly are inactivated or destroyed during leaf extract preparation or electrophoresis by the actinidin, a thiol protease. The addition of PMSF (phenylmethylsulphonyl fluoride) to the extraction buffer did not improve AAT resolution (unpublished data).
